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THE MONIST 



THE NATURE OF VITAL PROCESSES ACCORD- 
ING TO RIGNANO. 

EUGENIO RIGNANO of Milan, Italy, engineer and 
student of philosophy, has recently published a book 
treating in an original and suggestive way the fundamen- 
tal problems of biology. 1 In it are introduced some new 
conceptions which seem to point the way to the solution 
of many important questions, and which are intensely inter- 
esting at just the present stage of biological science. The 
extensive reference made to them by Prof. Francis Dar- 
win in his presidential address delivered before the British 
Association for the Advancement of Science at their Dub- 
lin meeting last August, illustrates the growing apprecia- 
tion among English-speaking scientists of the significance 
and value of Rignano's work. In this paper an attempt is 
made to present in English his fundamental hypothesis 
and some of its most interesting consequences and appli- 
cations. 

He has approached these problems in a somewhat dif- 
ferent way from that of most authors who have written 
upon them. He was not primarily a biologist but a physi- 
cist. All his work shows evidence that he was a master 
of physical chemistry, and that he takes the keenest inter- 
est in scientific philosophy in general. He was led to the 

1 Eugenio Rignano, Ueber die Vererbung erworbener Eigenschaften. Leip- 
sic: Engelmann, 1907. 
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study of biological problems by their vital relation to the 
results of other sciences and by their intrinsic interest from 
the standpoint of positive philosophy. Along these lines 
he has been an earnest worker, having contributed many 
thoughtful and scholarly articles to the Revista di Scienza 
and to other periodicals of a similar character. 

Being attracted in this way to a consideration of biology, 
he devoted himself to a study of the facts presented by in- 
vestigators and especially of the general conceptions de- 
veloped from them by leading naturalists from Lamarck 
to the present time, a study, as his book clearly shows, of 
a most appreciative and discriminative kind. He found 
the general conceptions not wholly satisfactory and, some- 
times, even contradictory of one another, and realizing 
that facts cannot be contradictory or misleading, he sought 
to see for himself the underlying basic principles which 
should explain and unify the facts, and at the same time 
perhaps indicate an outlet from the blind alley in which 
some biological inquiries at present find themselves stalled. 
In relation to the fundamental biological problem, that of 
the essential nature of the vital process itself, he found 
that "biologists are inclined to fall into two opposite ex- 
tremes." He continues (pp. 359-361): 

"Some deny flatly the possibility of ever arriving at a 
comprehension of the nature of life. But if we ask our- 
selves in what this comprehension of the nature of life 
could consist, from the point of view of positive philos- 
ophy, we have no difficulty in recognizing that everything 
must be reduced to comparing vital phenomena with some 
physico-chemical model already known, suitably modified 
by the particular special conditions imposed upon it so that 
just these special conditions shall determine the differences 
which exist between this vital phenomenon and that phe- 
nomenon of the inorganic world closest related to it. If 
this be so it is then the duty of science emphatically to 
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reject such a denial of scientific thought as would be con- 
stituted by the renunciation of this conception. Whether 
one clearly recognizes it or not, it is just this search for the 
nature of the vital principle which properly constitutes the 
principal object and the final goal of all biologic study in 
general. 

"Others, again, are not willing to accord to life even 
the slightest property which should not be simply physico- 
chemical in nature. Among all these, it is enough to cite 
the example of Verworn who not only relegates assimi- 
lation to the category of purely chemical phenomena, by 
means of his biogenic hypothesis, but who would explain 
protoplasmic currents, the protusion of pseudopodia, the 
movements of cilia, and in general all movements of living 
beings by a double and alternative chemotropism of proto- 
plasmic substance rather than by currents of nervous en- 
ergy. Protoplasmic substance in fact according as it re- 
mains unstimulated or is stimulated, that is, partially de- 
composed by the stimulus which would agitate it mechan- 
ically, would possess a chemical affinity for the oxygen of 
the environment or for the substances produced by the 
nucleus capable of rebuilding the partially decomposed 
protoplasmic substance. And to this alternation of differ- 
ent affinities, the opposite protoplasmic movements of ex- 
pansion and contraction would correspond. 2 

"Now it is evident that this endeavor not to attribute 
to vital energy any specific nature of its own, and con- 
sequently to explain even the most characteristic phenom- 
ena of life by means of only those energies which physics 
and chemistry afford us to-day, can have no more success 
than as if one should attempt to explain chemical phenom- 
ena by means of physical phenomena only. And this en- 
deavor is also quite unjustified. For the conception that 

'Verworn, Die Biogenhypothese. Jena: Fischer, 1903; and Die Bewegung 
der lebendigen Substanz, especially pp. 100-103. 
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the form of energy on which vital phenomena are based 
is different from all forms of energy which have hitherto 
been observed in non-living bodies, has absolutely nothing 
unscientific in it, any more than the conception, for exam- 
ple, that electricity may also be a form of energy different 
from all others. 

"Vital energy, nervous energy, we admit at once, will 
certainly be a particular case of the more general physico- 
chemical forms of energy already known or yet to be 
known, and as such it must necessarily be subject to the 
laws which control these latter ; and also, a fortiori, to the 
laws which control all energy in general. But even as 
such, that is as a particular case of more general, physico- 
chemical forms of energy, it will have besides further spe- 
cial laws of its own which are only experimentally to be 
determined and cannot simply be deduced from the more 
general laws even though it must always be subjected to 
them. And it is just these laws of its own which, out of 
a physico-chemical energy, make it vital energy. This 
conception has led us to attribute to nervous energy, set 
forth as the basis of life, special properties, which electric 
energy, in certain respects related to it, does not possess." 

In accordance with this conception of the nature of 
vital energy Rignano developed a hypothesis of the funda- 
mental vital processes which characterize all living matter. 
His theory is based upon well-known physical phenomena 
of electric energy; and by the hypothesis of certain specific 
qualities which this form of energy might be supposed to 
possess in the conditions existing in living matter, he has 
endeavored to account for the essential and distinctive 
properties of living matter. But such a conception, if it 
be true, must constitute not only a direct explanation of 
the fundamental properties which living matter always 
presents, namely assimilation, growth, and reproduction; 
it must also explain to some extent all the forms of activity 
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which vital energy ever manifests in biological processes, 
— polarity, rhythm, periodicity, mitotic division, fecun- 
dation, ontogeny with its recapitulation of phylogeny, 
atavism, heredity, memory, etc., — the fundamental char- 
acter of the vital process must be inherent in all these 
developments of it; a clear conception of their common 
basis must help us greatly to understand all of them, and 
must also tend to unify them, explaining their curious 
likeness to one another, as for instance the likeness of on- 
togeny and memory, so often observed, but so difficult to 
grasp and understand. 

As one reads Rignano's book, and follows him in the 
consideration of one after another of these vital phenom- 
ena, and notes how harmoniously they accord with the 
hypothesis he suggests, the impression becomes steadily 
stronger that this is the line along which the final solution 
of the problem must be sought. Rignano does not claim 
that his suggestion furnishes the final solution, but submits 
it provisionally in the hope that it may serve to point 
the way to an ultimate complete understanding. He says 

(P- 387) : 

"We do not venture to offer this as a true and proper 
hypothesis. The phenomenon of life is still too little estab- 
lished for so bold a venture. We consider it only as a 
provisional scheme of the vital process which may serve 
as an initial concrete basis for further investigation into 
the nature of life. For in affording any firm provisional 
basis upon which the discussion of a question still entirely 
without solution can be supported, one attains always the 
great result of determining definitely the conditions of the 
question, of demonstrating clearly the untenability of cer- 
tain views, which was not possible formerly while the 
question had yet too indefinite a form, and of bringing us 
in this way slowly but certainly nearer to a correct under- 
standing of the phenomenon, in proportion as after dis- 
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carding the untenable propositions, the tenable stand out 
ever more clearly and convincingly and thereby are given 
firmer foundation." 

In his book the author develops his hypothesis in an 
inductive way — proceeding from a consideration of on- 
togeny, but in this necessarily briefer review, it has seemed 
better not to follow the lengthy inductive method, but to 
state the theory at once in connection with one of the phe- 
nomena which it helps to explain. It might be presented 
in connection with any of the vital phenomena, since the 
fundamental process may be seen in all those built up upon 
it. A consideration of memory may serve as a good way 
of approach. 

EXPLANATION OF MEMORY. 

Explanations of this familiar but marvelous faculty 
have not been very clear or complete, but those who have 
developed any conception of its mechanism have been in- 
clined to attribute it to some change in the material sub- 
stance of the brain cells, produced by nervous currents 
passing to them. 

Thus Hering states as quoted by Rignano (pp. 344- 
345) : "We see how an entire group of experiences becomes 
reproduced in proper order of space and time, and with 
such vividness that it might deceive us as to the reality of 
what long since ceased to be present. This shows us, in a 
most striking way, that even after the sensation and per- 
ception in question has long since disappeared, there re- 
mains still in our nervous system a material trace, an 
alteration of the molecular or atomic connections by which 
the nervous substance is rendered capable of reproducing 
these physical processes by which the corresponding psy- 
chic process of sensation and perception is determined 

The representations do not last as representations but what 
does persist is that particular attunement of the nervous 
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substance, in virtue of which, when it is properly struck, it 
sounds again to-day the same note which it gave forth 
yesterday." 3 

"When we speak," writes Maudsley, "of a trace, ves- 
tige or residuum all we mean to imply is that an effect is 
left behind in the organic element, a something retained 
by it which disposes it to a similar functional act; a dis- 
position has been acquired which differentiates it hence- 
forth, although we have no reason to think that there was 
any original specific difference between one nerve cell and 
another." 4 

These conceptions constitute at best only an inadequate 
because indefinite explanation of the real problem of mem- 
ory. The essential characters of this faculty are thus 
stated by Ribot. "Of the three elements of memory: the 
preservation of certain states, reproduction, localization 
in the past, the first two alone are necessary and character- 
istic." A true explanation must show definitely how these 
states are preserved, and how they are repeated. Rignano 
agrees with these conceptions in the belief that our specific 
sensations and perceptions are due to the passage through 
the nervous system of specific nervous currents, called 
forth by specific stimuli in the environment, and that the 
repetition of these specific sensations in memory depends 
upon specific changes induced in the nerve cells. But he 
goes farther, stating in his hypothesis (p. 344) what these 
specific changes in the nerve cells are. 

"This something which leaves an impression after it in 
the nerve cell and which disposes it to other similar func- 
tional acts will be to our mind, a real and specific material 
residue of substance capable of reproducing the same func- 

' Ewald Hering, Ueber das Ged'dchtnis als eine allgemeine Funktion der 
organisierten Materie. Vienna: Gerold, 1876, pp. 8, 9. English translation 
published by Open Court Pub. Co., pp. 7 and 9. 

'Henry Maudsley, The Physiology of Mind, third edition, London, Mac- 
millan, 1876, p. 270. Quoted by Rignano pp. 343-344- 



328 THE MONIST. 

tional current as that by which it had itself been deposited." 
These specific substances so deposited he calls specific mne- 
monic elements. 

"In just this quality of being able to restore again the 
same specificity of nervous current as that by which each 
element had been deposited one would look for the cause 
of the mnemonic faculty in the widest sense .... And fur- 
ther, the very essence of the mnemonic faculty would con- 
sist entirely in this restitution" (p. 342). This conception, 
it will be noted at once, is not very different from those al- 
ready advanced. "The only new thing comprised in it is 
the hypothesis that the substance, whose discharge is thus 
able to generate a given nervous current, has been pro- 
duced and deposited exclusively by a nervous current of 
the same specificity but of reverse direction, and could 
have been produced and deposited only by such a current. 
But in this hypothesis, simple as it is, lies everything; 
for it is just this which alone can explain completely the 
fundamental law of the reversibility of the relation between 
action and reaction, stimulus and impression, which gov- 
erns all organic life" (p. 321). 

Such specific elements do not, of course, permit of 
actual demonstration and their existence is purely hypo- 
thetical. The hypothesis is one, however, which is strongly 
indicated by the facts. Specific accumulations indicate 
specific accumulators, and these seem likely to be material 
and substantial since their activity depends upon nutrition, 
and the nerve cells containing them are material and sub- 
stantial things. Rignano says (pp. 31 1-3 18): 

"We should now examine a little more nearly this hy- 
pothesis .... that the substance which constitutes each spe- 
cific element, and which is capable of giving as discharge 
a single well-determined specific nerve-current, is the same 
and the only substance which this specific nerve current 
can in its turn form and deposit. 
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"This should not appear so very strange to us, since 
the inorganic world itself presents a phenomenon similar 
in certain respects. The substance which actually consti- 
tutes the charge of ordinary electric accumulators is ca- 
pable of giving back inversely, during its discharge, the 
same kind of energy which it had previously received, and 
by which it had itself deen deposited, namely, the con- 
tinuous electric current. 

"The most important difference consists in this, that 
an electric accumulator is capable of restoring always only 
one and the same kind of energy, but not solely such or such 
specific mode of this energy, as, for example, only such or 
such intensity of current. It constitutes, for that reason, 
only a generic potential element; but such accumulators 
would attain the completeness of specific potential elements 
— receiving and restoring instruments of the greatest del- 
icacy — if one could make it possible that each one of them 
should restore only a single definite intensity of current. 

"The analogies and differences which nerve-currents 
present, in comparison with electric currents, quite warrant 
us in assuming in nerve-currents some of the properties 
of electric currents, and to attribute at the same time to 
the first other properties which the electric do not possess, 
provided these qualities are not incompatible with one an- 
other. 

"It is known that, if we designate by E the electro- 
motor force of an accumulator or of any electro-chemical 
generator, it can furnish currents of a given intensity i, 
according to the resistance R of the circuit, according to 
the equation i = E/R. 

"Thus, — even though the terms of motor force, of 
resistance, of intensity, or more generally, of specificity, 
transferred from electric to nerve currents, must be quite 
vague, — we may very well venture, nevertheless, as pre- 
liminary hypothesis, to attribute to nerve-currents as 
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among the properties they might have analogous to electric 
currents, precisely those contained in this equation." 

Rignano then goes on to state certain corollaries fol- 
lowing from this hypothesis, which applying to the mne- 
monic process, account for certain of its characteristic 
phases. 

"As it involves nothing incompatible with the proper- 
ties expressed by this equation, we may imagine a nervous 
accumulator, constituted by a given substance, capable of 
being produced and deposited solely by currents of a defi- 
nite intensity, or specificity, and at the same time capable 
of producing, by its decomposition, this current alone, — 
now from discharge and in the contrary direction, — of the 
same intensity or specificity i as that of the charge." This 
property exhibited by mnemonic elements would cause 
memories to produce the same sensations, and often also 
physiologic actions as were formerly produced in the orig- 
inal experience. "This accumulator, then, will discharge 
itself and produce this current as often as its nervo-motive 
force, which we may still call E, is sufficiently great to over- 
come the respective resistance, according to the equation: 
E = iR. 

"Finally, we can assume that the magnitude of this 
nervo-motive force is proportional to the quantity or mass 
of the substance, which is gradually deposited and accumu- 
lated, as if the successive infinitesimal deposits of this sub- 
stance were innumerable little Leyden jars arranged in re- 
lation, one to another, in some serial order. Then the 
greater the mass of the specific substance of this nervous 
accumulator the greater in proportion will be the resis- 
tance which its discharge will be able to overcome. At the 
same time, this accumulator capable of surmounting by its 
current of a predetermined intensity i, a given resistance 
R, will be capable also of surmounting every other resis- 
tance less great than R ; for, for that, it will suffice that it 
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is not the total quantity of material at disposal that enters 
into action, but only a portion more or less large, so as to 
furnish for each resistance R r <R, the nervo-motor force 
E'<E, given by the formula : 

E' = iR'. 

"Suppose now that the discharge of this accumulator 
on account of the ubication or the mode of its insertion, 
is able to flow only upon a given point of a given plexus, 
traversed the length of its meshes by as many currents of 
the most diverse specificities, capable of combining one 
with another and of decomposing, and in dynamic equilib- 
rium among themselves. (It may be remarked here that 
the expression 'dynamic equilibrium' of a circulatory sys- 
tem is always to be understood in the sense of inalterability 
for the time, in the conditions of movement at each point 
of the system. Thus, for example, the system of distribu- 
tion of the drinking water of a city, which is fed from a 
given constant number of basins, whose head of water is 
maintained always at the same height, and in which a 
given constant number of water taps are always open, will 
settle in a short time into a dynamic equilibrium in our 
sense, and continue in it so long as the accession of a new 
basin, for example, or the opening of other water taps does 
not affect the transition to a new dynamic equilibrium. ) 

"As soon as the discharge of this nervous accumulator 
occurs, which can produce thus only a single definite speci- 
ficity of current, and discharge itself upon only a single 
determined point, it will necessarily effect a single very 
definite change in the dynamic equilibrium of this given 
circulatory system. And in the cases in which this change 
of the dynamic equilibrium requires the doing of a certain 
amount of work (which theoretically is not always re- 
quired), this required expenditure of work or energy will 
be definitely determined for each discharge, and can be 
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provided only by the accumulator itself. Consequently, in 
order that the discharge may take place, this quantity will 
have to be less than, or at most equal to, that which the 
accumulator can actually furnish. 

"The quantity of work which each accumulator is ca- 
pable of furnishing will necessarily be proportional to the 
mass of the substance which constitutes it. And since, as we 
saw, the resistance R which each accumulator with its cur- 
rent of definite specificity i, is able to surmount, is like- 
wise proportional to the mass of the substance of the accu- 
mulator (because it is proportional to its nervo-motive 
force, which also is in its turn proportional to this mass, 
according to the preliminary hypothesis), then the quan- 
tity of work required to effect the change under con- 
sideration, must be regarded as equivalent to a resistance 
R, which opposes the discharge. 

"If now we admit that in nearly all cases, which come 
into consideration here, the quantity of work, requisite for 
effecting a given change in the dynamic equilibrium of the 
whole circulatory system, is proportionately greater, the 
more considerable (if we may be pardoned this much too 
indefinite expression) in quantity and quality this change 
is, ... . the following general rule can be established. The 
smaller the mass and therefore the nervo-motive force of a 
specific accumulator, so much the more closely is its dis- 
charge dependent upon the condition that the whole dy- 
namic system, above all and very especially in the im- 
mediate neighborhood of the accumulator, find itself again 
in exactly the same circumstances in which it was when 
the accumulator was formed. Conversely, the greater the 
mass of the accumulator, the more easily can the conditions 
obtain which are able to effect its discharge." Conse- 
quently, if the mass, and hence the nervo-motive force of 
the accumulator, be minimal, it will be able to discharge 
only when the whole dynamic system in the immediate en- 
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vironment comes again into the same conditions practically 
as existed when the accumulator was formed. 

"Let us suppose, further, that as the result of external 
influences there are induced at the same moment at a few 
points of the system a corresponding and equal number 
of new nerve-currents, specifically different from the pre- 
ceding, so that the system is thereby caused to pass over to 
another dynamic equilibrium. It is clear that there will 
then be deposited in each point of the system — and not 
merely in those which external influences have directly 
modified, — a new specific potential element, in mass more 
or less large according to the time which the new state of 
dynamic equilibrium persists. At the same time, how- 
ever, all these same points of the system will preserve, in a 
potential state — not in activation — , all the specific ele- 
ments which were deposited during the preceding state of 
dynamic equilibrium. 

"If, such being the state of things, it now happen that 
even any single point whatever of the system is brought 
back again, by any external influence, to the specificity 
which it already had possessed in the preceding stage, that 
will make it possible for the respective specific elements 
corresponding to that stage to come again into activity, 
at first in the point nearest, and then from next to next 
until in the most distant; for then each of these elements 
will find its immediate environs in approximately the same 
conditions as when that element was deposited and in ac- 
tivity. It will suffice then that even a single point of a 
system return, through the action of external influences, 
to its preceding state, in order that the whole system, 
transforming itself during the discharge of the different 
specific potential elements corresponding to that former 
stage, should resume the whole dynamic condition of that 
stage. 

"We have then a phenomenon of succession or of asso- 
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ciation of nerve-currents which, as is easily conceivable 
and becomes even clearer later, may serve as a basis for the 
psychic law of succession or association of ideas." 

This quality in nervous accumulators would explain how 
memories are recalled by association, how the memory of 
one part of a scene recalls the other parts, one after an- 
other, and how the memory of an event develops in our 
minds in the same sequence as was originally followed by 
the different parts of the event itself. 

This specific potential mnemonic element or elementary 
nervous accumulator is "according to the hypothesis noth- 
ing else than the minute particle of a substance which each 
new specific nervous current, passing through a nucleus 
deposits in it, a substance which adds itself to those already 
present in it without changing them and which is capable 
as soon as it finds itself in the same relation to its environ- 
ment as at the time of its deposit, of restoring the same 
specific current by which it was produced." On pages 345- 
354 the author continues: 

"The above-mentioned conception of Hering of the dis- 
position of the nervous substance to sound again the tone 
of yesterday is derived from the physical phenomenon of 
acoustic resonators. The nervous substance which would 
be made to vibrate in a given specific way at a given point 
by a definite elementary sensation or representation would 
remain from that moment capable of vibrating always and 
exclusively according to that specific mode. According to 
the hypothesis of mnemonic elements on the contrary, it 
is well to repeat again each elementary sensation or repres- 
entation would consist not so much in a specific vibration 
of the nervous substance at this or that point but in the 
production by the action of external stimuli of a given 
specific nervous current. In this way the memory of an 
elementary sensation or representation would consist only 
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in the reproduction by the action of causes now internal 
of the same specific nervous current. 

"In other words the way in which the hypothesis of 
mnemonic elements or specific elementary accumulators 
would conceive of the mnemonic phenomena is as follows : 

"A series of sounds or of words, for example a certain 
melody, or some phrase of a discourse when once it has 
entered by the ear we can imagine, produces a series of 
nervous currents in the auditory nerve specifically different 
one from another just as in a telephone the successive elec- 
tric currents are specifically different from one another (in 
this particular case different in intensity) which the same 
series of sounds produces in the receptive apparatus and 
later transmits along the wire. If then one or several 
nerve centers, after receiving these specifically different 
currents, are capable of storing up these specific energies, 
each distinct from the other in such a way as to reproduce 
them identically later at the moment of discharge, and if, 
further, the discharge of each immediately preceding 
specific energy and it alone is capable of producing the lib- 
eration of the specific energy immediately following (and 
we have seen above that this is one consequence of the 
hypothesis of specific elementary accumulators), it will 
be in this way possible for the same succession of different 
specific currents and consequently of different ideas or im- 
pressions to be repeated a great number of times, and it is 
in just this that the mnemonic phenomenon consists. 

"One could evidently say the same thing of the optic 
phenomenon, that is to say, of any series of colors or spe- 
cific luminous vibrations which succeed one another in 
space or time. 

"Ribot has rightly said that 'There is not one memory, 
but memories; that there is not one seat of memory, but 
particular seats for each particular memory." And, ac- 

* Ribot, Les maladies de la memoir e. Paris, Alcan, 1901, p. 11. 
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cording to this theory, each mnemonic element would con- 
stitute a particular seat for each elementary sensation or 
each particular specific impression. 

"In this sense also, that is to say on the condition that 
the expression 'nervous elements' be not disjoined from the 
conception of elementary specific accumulators or mne- 
monic elements, we can accept the idea of memory which 
this investigator (Ribot) has put forward: 'If we at- 
tempt/ writes he, 'to recall a good memory and to express 
this in physiological terms, we must figure to ourselves a 
great number of nervous elements, each modified in a par- 
ticular manner, each taking part in one combination and 
probably capable of entering into several, each of these 
combinations containing within it the conditions of exist- 
ence of the states of consciousness. Memory has then static 
and dynamic bases. Its strength is in relation to their 
number and stability.' 6 

" 'One asks/ continues Ribot, 'if each nerve cell can 
preserve several different modifications or if once modified 
it is forever polarized. The number of cerebral cells being 
about 600,000,000 according to the calculations of Meynert 
(and Sir Lionel Beale gives a much higher figure) the hy- 
pothesis of a single impression is not inconceivable.' 7 It 
may be remarked here that according to the hypothesis of 
mnemonic elements there is room in each brain cell for a 
whole series of specific deposits and not merely for one 
specific deposit 

"Provisionally it can be affirmed that the close depen- 
dence of memory upon the nutritive processes 8 indicates 
strongly that the preservation of memories is to be ascribed 
to accumulations of substances. Further, as was very well 
remarked by Hensen, the fact that many memories through- 

• Ribot, loc. cit., p. 32. 
T Ribot, loc. cit, p. 17. 

* Ribot, loc. cit., pp. 155-163. 
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out several years may remain completely quiescent and 
then can come again with great distinctness into conscious- 
ness, notwithstanding that all the parts of the organism 
have been renewed several times in the interval, 9 indicates 
( if one recollects that assimilation consists in the incessant 
reproduction of new masses, always of identically the same 
substance) that in order to preserve these memories it is 
sufficient if for one given substance there be substituted 
another identical one. The existence finally of several more 
or less clear, more or less intense memories, coupled with 
the fact that this greater clearness or intensity and all 
hypermnesia in general depend also upon phenomena of 
nutrition, indicate that the degree of vividness or intensity 
and the degree of hypermnesia in general may be a func- 
tion of the mass of the substance concerned, on the accumu- 
lation of which the preservation of these memories is de- 
pendent. 

"If it appears thus to be shown by facts, that the pres- 
ervation of memories is due to accumulations of substance, 
a whole series of other facts seems to demonstrate that the 
reawakening of these memories consists in the restitution 
of the same currents as had formerly constituted the actual 
sensation or impression. 

"We need not recall here all the innumerable examples 
which show that the motor or secretory or physiological 
effects in general of the mnemonic reawakening of a given 
sensation or impression are quite identical with those of the 
real sensation or impression: for example, the recollection 
of a certain dish produces the same salivation as is pro- 
voked by the dish itself; the memory of the beloved per- 
son can cause each time the same reddening of the counte- 
nance, the same brightening of the eyes, the same accelera- 
tion of the pulse as the direct view of that person; every 

'Hensen, Ueber das Geddchtnis. Kiel, Universitats-Buchhandlung, 1877, 
P- 13. 
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time that a mother thinks of her nursing child there comes 
a flow of milk into the breasts. These are some examples 
which show the substantial identity of the functional and 
mnemonic stimulus .... 

"If the preservation of each memory is due to deposits 
in number exactly equal to the specific elementary nervous 
currents which the sensation or complex impression had 
provoked in the nervous system, we are then in a position 
to comprehend also the phenomenon known under the name 
of abridgment : 'Every memory/ says Ribot, 'however lim- 
ited it may be, undergoes an enormous abridgment. The 
farther that the present recedes into the past, the more do 
the conditions of consciousness diminish and disappear. 
Reviewed at several days distance there remains little or 
nothing of them ; for the most part they have darkened into 
a nothingness from which they will never again emerge and 
have taken with them the time duration inherent in them. 
Consequently a diminution of the conditions of conscious- 
ness is a diminution in time.' 10 

"This disappearance of the elementary conditions of 
consciousness producing the abbreviation of the memory 
will be due, then, according to our view, to the disappear- 
ance of the secondary mnemonic elements, that is to say, 
those provided with a minimum quantity of the respective 
substance (and potential energy which is the consequence 
of it) from the series which constitutes the entire memory. 
Possibly this disappearance can be caused by the fact that 
the nutritive fluid has come gradually to be entirely ab- 
sorbed by the principal mnemonic elements of the same 
series and by the new elements which later supervene as 
a consequence of later sensations also stored up in mem- 
ory. . . . 

"In recalling a given memory the cells do not lose the 
'impression/ as we call it, which they preserve of that mem- 

" Ribot, Les maladies de la mimoire, pp. 44, 45. 
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ory; on the contrary, the more a memory is recalled, the 
more the respective 'impression' is reinforced. This sig- 
nifies that the entrance into activity or function of mne- 
monic elements merely causes their mass and their potential 
energy to increase The active participation of the mne- 
monic centers in the biological phenomena of memory 
leaves them in the same state as before so that they are 
equally capable and even more capable than formerly of 
reproducing many more times the same phenomena. 

"The reawakening of mnemonic centers at long inter- 
vals of years constitute very ordinary phenomena. Cases 
are frequent, for example, of adults who are able to repeat 
poems which they had learned in their earliest childhood, 
even after many years during which they have never had 
occasion to repeat them at any time. Coleridge speaks of 
a young girl who in the delirium of fever, repeated long 
fragments in the Hebrew tongue which she did not under- 
stand but which she had a very long time before heard 
read aloud by a priest in whose service she had been. 11 A 
Lutheran preacher of German origin living in America, 
who had in his congregation a considerable number of Ger- 
mans and Swedes, related to Dr. Rush that nearly all, a 
little before dying, pray in their mother tongue. "I have," 
said he, "innumerable examples of it, and among them 
several in which I am sure they had not spoken German 
or Swedish for fifty or sixty years." 12 Rignano cites other 
similar instances, but in this review it is not expedient to 
multiply them. Such instances are familiar to every one. 
He continues : 

"These examples show, then, how remarkable can be 
the persistence of conditions latent in memory. Let us note 
further, that these last cases present, in a very striking 

11 Maudsley, The Physiology of Mind, p. 25. 

" Ribot, Les maladies de la mSmoire, pp. 146-147. 
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form, what Ribot calls 'reminiscence from contiguity in 
space'. 

"These reminiscences through contiguity in space are 
only a particular case of the general law of the association 
or succession of ideas. They indicate that the mnemonic 
center reacts only when the sight of the same place induces 
in the environment of that center almost the same state of 
nervous distribution as at the former time when it received 
the impression. That is exactly. . . . the result to which 
we were led by the hypothesis of specific elementary ac- 
cumulators which have advanced." 

Having seen thus how the faculty of memory finds 
an explanation in this simple hypothesis and how certain 
corollaries following logically upon its acceptance explain 
the various qualities of mnemonic phenomena, it remains 
to see in what way the fundamental process, which is sug- 
gested as the basis of memory, is inherent also in other 
vital processes. If it be true that currents of nervous na- 
ture, able to deposit these accumulator substances, are not 
confined to the nervous tissues proper, but pass constantly 
through the cytoplasm of all living cells whatever, to and 
from the nuclei, we have thus provided a mechanism 
whereby mnemonic faculties can be exhibited, by every 
part of living organisms. There is very good evidence that 
such currents do exist. Pfeffer demonstrated the presence 
in plants of nuclear excitations which passed through the 
cytoplasm and produced specific effects at the distance of 
several millimeters. 13 Commenting on Pfeffer's experiment, 
O. Hertwig states that "it is thereby proved that the stim- 
ulus necessary for membrane formation can be trans- 
mitted through the fine connecting filaments which pass 
through the dividing wall between two cells. There is noth- 
ing in the way of admitting similar means for the transmis- 

IS Pfeffer, "Ueber den Einfluss des Zellkerns auf die Bildung der Zell- 
haut," Berichte iiber die Verhandlungen der konigl. s'dchs. Gesellsch. d. Wis- 
sensch. zu Leipzig, 1897, p. 507. 
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sion of other functional stimuli also." — "It is probable that 
the transmission of nuclear stimuli by protoplasmic fila- 
ments is much less rapid and less intense than nerve con- 
duction, but perhaps for this very reason may be more 
continuous and by reason of its duration more efficacious." 1 * 
All the phenomena of nervous nature exhibited by proto- 
zoa and low forms of animal life must depend upon similar 
nervous currents. While the higher animal organisms 
are still in an embryonic state, and before a nervous system 
is developed, such simple means of transmission of impulses 
by means of cytoplasm, protoplasmic filaments and inter- 
cellular bridges must be the only ones available. During 
the development of the nervous tissues proper, there must 
be co-operation of the two methods, as also in the adult 
organism in which there would thus be provided a general 
nervous circulation whereby the entire organism is con- 
nected up, both adjacent and remote parts into a single 
plexus. 

The mechanism necessary for the general exercise of 
a mnemonic faculty being present throughout the organ- 
ism, it is interesting to note that Hering finds the mnemonic 
faculty itself present, as shown in his book Ueber das Ge- 
dachtnis als eine allgemeine Funktion der organisierten 
Materie, pp. 16-17. Hering's assertion has recently been 
taken up again by Richard Semon, and more thoroughly 
and completely treated in his work, Die Mneme als erhal- 
tendes Prinzip im Wechsel des organischen Geschehens 
(Leipsic, Engelmann, 1904). Ribot also states that "mem- 
ory is essentially a biological fact, accidentally a psycho- 
logical one." 15 

The possession by living matter in general of a mne- 
monic faculty should throw some light upon many of its 
activities and especially upon those which resemble mem- 

" Oscar Hertwig, Die Zelle und die Gewebe, II, pp. 40-41. 
™ Ribot, Les maladies de la mimoire, p. 1. 
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ory. All those phenomena which show a restitution of a 
vital process, or a repetition of it many times, and always 
in the same way would find an explanation in this faculty. 
In this connection one thinks at once of the germ substance 
which in successive ontogeneses repeats a vital process, 
and tends to repeat it always in exactly the same way. 

(Rignano, pp. 339-340) : "The comparison between the 
phenomena of development and the phenomena of memory, 
especially after the discovery of the fundamental biogenetic 
law, that the ontogeny of each individual tends to repeat 
exactly the ontogenies of all its ancestors, has presented 
itself spontaneously to a large number of authors. 'The 
germ,' wrote Claude Bernard, 'seems to preserve the mem- 
ory of the organism from which it proceeds.' 16 Haeckel 
attributes development to the mnemonic quality of his plas- 
tidules Orr endeavored to explain recapitulation du- 
ring ontogeny by the mnemonic law of habit. Cope held 
that ontogeny is called forth by the unconscious memory 
of phylogeny. Naegeli and, in some places, Hertwig, him- 
self, attributes to the idioplasm the faculty of remembering, 
so to speak, the successive phylogenetic stages through 
which it had gradually passed. 

"But it was above all Hering who maintained most 
boldly the fundamental identity of the ontogenetic and mne- 
monic phenomena: 'What is it that causes this reappear- 
ance in the daughter organism which is developing, of 
characters of the parent organism if it be not a reproduction 
on the part of organized matter, of processes in which it 
has already taken part at another time, if only as a germ in 
the ovary; and which now at an opportune moment it re- 
calls exactly while reacting to the same or similar stimuli 
in a manner similar to that which the preceding organism 
has already followed, of which it was formerly a part and 

" Claude Bernard, Legons sur les phenomenes de la vie communs aux ani- 
maux et aux vegetaux, p. 66. 
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of the vicissitudes of which it had then shared? If the 
parent organism by long custom or repeated action has 
changed somewhat in nature in such a way that the ger- 
minal cellule within it has also been affected, however feebly 
it may be, and if this latter commences a new existence 
growing and developing into a new being of which the 
different parts are not other than itself and flesh of its 
flesh, and if in thus developing it reproduce that which it 
had already experienced at another time as part of a great 
whole, this is also precisely as astonishing as when mem- 
ories of his early childhood are recalled suddenly to the 
old man, but it is not more astonishing. And whether it 
may be still just the same organized substance which re- 
produces a process already once experienced, or whether 
it may be only a descendant, a portion of its substance 
which in the interval has grown and become large, this is 
manifestly a difference of degree only and not of es- 
sence.' 17 The observation of the similarity of the two 
processes, although extremely interesting, so long as nei- 
ther phenomenon was understood, did not help science 
much in its search for the fundamental causes. Rignano 
remarks (pp. 341-342) that "this extension of the mne- 
monic faculty over every vital phenomenon without excep- 
tion, [including development] although it contains much 
truth, could not by itself constitute any explanation of 
either one phenomenon or the other, but on the other hand 
helps to plunge both into deeper darkness ; for while by this 
comparison the obscure fundamental peculiarities common 
to both become in no wise clearer, the most striking charac- 
teristics of each of the two phenomena which are different 
in the two, and which are those that up to the present have 
served to give us the most exact ideas possible of their re- 
spective phenomena are left out of consideration. 

"Ewald Hering, Ueber das Gedachtnis als eine allgemeine Function der 
organisierten Materie, pp. 16-17. 
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"The phenomenon of memory can serve neither as an 
explanation of the phenomenon of development nor of the 
vital phenomenon in general, because it constitutes itself 
a phenomenon more special and more complex than those 
it was summoned to explain. There was still, however, a 
possibility that the resemblance which appeared to exist 
between some essential characters of these three phenom- 
ena might be explained by a fourth more general and more 
simple phenomenon, which would be at the same time the 
basis of all three categories of phenomena ; the ontogenetic, 
mnemonic properly so called (psycho-mnemonic), and the 
vital." 

This hypothesis of specific nervous accumulators con- 
stituting germinal, mnemonic, and vital elements affords 
an intelligible explanation of that basic property which 
would explain and unify all three. 

EXPLANATION OF ONTOGENY. 

In his biogenetic law Haeckel formulated the marvelous 
phenomenon of recapitulation of phylogeny during on- 
togeny. During the course of ontogeny the developing 
organism tends to repeat the development of its ancestors, 
one after another, passing from stage to stage in the order 
in which those stages appeared in evolution. Thus even 
though modifications may supervene, it can be said that at 
each stage it represents the form of an ancestor which at- 
tained at that stage its full development. From the be- 
ginning of development the same stages follow one another 
in the same order in all animals in so far as they have a 
common line of descent. Some influences come into activ- 
ity within the embryo serially, causing it to pass from each 
stage to that following next in the oft repeated series. 
This principle of repetition in embryological development, 
although so familiar, is yet inexplicable. So far there has 
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been no satisfactory explanation of what the impelling 
forces are, nor of why developmental stages should succeed 
one another always in the same order recapitulating phy- 
togeny. 

But the phenomena become intelligible if with Rignano 
we consider the germ substance as constituted by specific, 
mnemonic, germinal, elements quite like the specific mne- 
monic elements of the brain substance. Just as stimuli 
acting upon human bodies, in addition to bringing about 
physiological changes and sensations cause also the deposit 
in the brain of corresponding specific accumulators (as we 
have already noted in our consideration of memory), so also 
the stimuli, whatever they may have been, which acted 
upon the germs of the ancestors of organisms now living, 
in addition to bringing about developmental changes would 
also cause the deposit in the germ of corresponding spe- 
cific accumulators. Just as the specific mnemonic accu- 
mulators in the brain cells are able, when conditions permit 
their activation, to cause former stimuli (nerve currents) 
to be reproduced capable of causing a repetition of the 
same sensations and physiological changes, so also the 
specific mnemonic accumulators in the germ substance 
would be able when conditions permitted their activation 
to cause former stimuli to be reproduced capable of caus- 
ing a repetition of the same developmental changes. And 
this repetition will be effected during the development of 
organisms of later generations. 

There is thus suggested a working hypothesis by which 
we can understand what the impelling forces of develop- 
ment may be and whence they come. It remains to be 
explained why developmental stages should succeed one 
another always in the same order recapitulating phytogeny. 

In memory there operates the law of association of 
ideas and we have seen this to be dependent upon prop- 
erties which specific, mnemonic accumulators must pos- 



346 THE MONIST. 

sess in accordance with the general physical laws to which 
they are subject. 

If we admit the general rule then developed for specific 
accumulators, by which (pp. 315-316) "the quantity of 
work requisite for effecting a given change in the dynamic 
equilibrium of the whole circulatory system, is proportion- 
ally greater, the more considerable in quantity and quality 
the change is, it becomes at once conceivable why each spe- 
cific potential element of the germinal centers can become 
activated only when the embryo has reached the ontoge- 
netic stage, corresponding to the particular phylogenetic 
stage, at which this element had been acquired by the 
germinal substance. For then first will the change which 
the dynamic system of the embryo undergoes, as a result 
of the activation of this specific potential element, be the 
least possible, and therefore generally also the only one 
whose resistance can be surmounted by the very weak 
nervomotive force of this specific potential element." There- 
fore these accumulators must become activated one after 
another, always in the same order, and always in the order 
in which the corresponding stimuli had become operative 
in phylogeny. We thus have provided a mechanism which, 
acting with all the certainty of a physical process, must 
tend to cause developing organisms, in so far as they have 
common ancestors, to pass in the same order through the 
same series of changes, namely those through which their 
common ancestors passed in evolution. And this arrange- 
ment is the same as that which causes recollections of suc- 
cessive events to come up, according to the mnemonic law 
of association of ideas, in the same order as that in which 
the events themselves had originally occurred. 

(P. 354) "In mnemonic phenomena proper [psychic], 
they are the infinitely diverse and constantly changing con- 
ditions of the external environment, and the corresponding 
sensations following in the individual which call forth like 
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a phantasy such and such an association or succession of 
ideas. But in the development of the embryo which is re- 
moved from the action of every external perturbating in- 
fluence and above all, which is provoked by the activation 
of different specific germinal elements from one and the 
same complex mnemonic center constituted by the germinal 
substance, the succession of mnemonic states of this latter 
called into activity one after the other, and of the corres- 
ponding stages of ontogeny must inevitably proceed in un- 
interrupted series, always the same for all individual on- 
togenies of the same species. For to reawaken each mne- 
monic element of this germinal substance there must again 
concur exactly the corresponding conditions of nervous dis- 
tribution of the embryo which had been provoked by the 
re-awakening of the mnemonic element immediately pre- 
ceding. 

"It is then in development even more than in mnemonic 
phenomena properly so called that there operates the law of 
rigorous succession, in which, as Ribot says, each member 
of a series produces the following." 18 

Just as there is abridgment of every memory, so there 
is also abridgment in the recapitulation of ontogeny by 
phylogeny. (P. 351) "In fact of the older mnemonic ele- 
ments constituting the germinal substance, the strongest, 
that is those which are represented by the largest quantity 
of substance, alone persist. The less strong older mnemonic 
elements, the total quantity of nourishment for all mne- 
monic elements remaining the same, or varying only within 
definite limits, will have all their portion of nourishment 
taken away by the strong older mnemonic elements and 
by the newer mnemonic elements whose number will 
continually increase with each phylogenetic advancement. 
Not being able consequently to regain their substance com- 
pletely in each ontogenesis, they will gradually disappear." 

18 Ribot, Les maladies de la mimoire, p. 8. 
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Thus ontogeny becomes not a full but only an abridged 
recapitulation of phylogeny. 

Further, just as in memory the time factor is eliminated, 
so in ontogeny, the specific germinal accumulators become 
activated as soon as the conditions permit and the organism 
in its development runs through in a few days a series of 
changes, which may have required thousands of years in 
phylogeny. Just as in memory specific mnemonic elements 
may become activated only after intervals almost life-long, 
so the specific germinal elements will become activated only 
in the ontogeneses of successive generations. Just as in 
memory, reminiscence does not exhaust the mnemonic ele- 
ments, but strengthens them, so in ontogenesis the repeated 
development of characters fixes them in the germinal sub- 
stance, and palingenetic characters are more firmly stamped 
upon the race than cenogenetic. 

In this hypothesis of specific germinal and mnemonic 
elements, accumulators each of a corresponding specific 
nervous influence, Rignano has suggested a common basis 
for the phenomena of memory and ontogeny, which ex- 
plains both these processes and unifies them. In affording 
such an intelligible explanation, the hypothesis stands 
alone, for while these phenomena have been among those 
most studied, they remain among the most marvelous in 
biology, or perhaps in the whole field of human knowledge. 
No satisfactory explanation has even been suggested here- 
tofore, and such a conception of them as Rignano's, ex- 
plaining them in terms of physico-chemical laws already 
known, will be welcomed and carefully considered by all 
biologists whose work has led them to feel the need of 
such explanations and to the conviction that they must rest 
upon a physico-chemical basis. 

The many observations which have been made, of the 
resemblance between mnemonic reproductions of the like- 
ness of former things, and the reproduction in an embryo 
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of the likeness of its ancestors, which heretofore have been 
vague and misty, become in the light of this conception 
vastly more interesting, and become also vastly more sig- 
nificant and valuable to science in its search into their es- 
sential character and into the nature of the vital process 
itself. 

(P. 355) "In summing up all that we have said thus 
far we can thus affirm that if the mnemonic phenomena, 
properly so called, can not serve to explain ontogenetic 
phenomena nor the latter to explain the former, the resem- 
blance which has nevertheless been noted by so great a 
number of authors can be explained by a third phenomenon 
more general and more simple than either. And this phe- 
nomenon consists in the faculty possessed by all living sub- 
stance of accumulating and repeating individually different 
particular specificities of generic nervous energy, and this 
constitutes the essence of all vital phenomena whatever." 

The question of the transmission of acquired charac- 
ters is treated in the book at considerable length, the author 
regarding it as of the greatest interest and importance. 
He states that in his earlier studies he was inclined to re- 
ject the Lamarckian theory largely because there was no 
conceivable mechanism available for an explanation of 
transmissibility. 

But in this hypothesis he sees a way by which func- 
tional stimuli which bring about somatic modifications may 
bring about corresponding modifications of the germinal 
substance also, understanding by the term functional stim- 
uli of course the stimuli set into operation within the organ- 
ism, and not the external action of the environmental 
stimuli which provoke them. 

For if the stimuli which during phylogeny cause the ac- 
quirement by a species of new characters are produced in 
the individual organisms as a result of the action of ex- 
ternal environmental stimuli, then this hypothesis affords 
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an explantion of how they may be transmitted to the ger- 
minal substance, for such stimuli passing throughout the 
entire organism, which as we have seen is one vast plexus, 
not only cause in some parts the development of new char- 
acters, but also cause the deposit of corresponding specific 
accumulators in many cells, the germ cells among others. 
Those deposited in somatic cells will disappear with the 
death of the individual, but those in the germ cell, will be 
in a position to effect the continuation of the new character 
in the species, if they have been deposited in considerable 
mass, as a result of the action for a long time of a persistent 
new environmental stimulus. For such accumulators, be- 
coming activated when the development of the organism 
which they produce has reached the stage, corresponding 
to that at which the new character was acquired in phy- 
logeny, will cause the same morphogenic stimuli to be dis- 
charged, which acting upon the developing organism will 
at once cause it also to develop the new character. 

Other phenomena, such as atavism, reversion in hy- 
brids, sexual dimorphism and polymorphism are taken up, 
but it must suffice here merely to refer to the book for a 
consideration of them. Manifestations of these properties 
by living organisms is shown to be quite in conformity 
with the hypothesis he has advanced, and to find in it some 
explanation. The author continues (p. 356) : 

"It remains for us to demonstrate that this property 
as we have affirmed before, can aid us in great part to 
explain the essential characteristics of the vital phenom- 
enon itself in all its generality — that is assimilation." 

Basil C. H. Harvey. 
University of Chicago. 

[to be continued.] 



